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The 2-generation rat reproduction feeding study on 2,4-D has 
been reviewed and classified as Core-minimum data. The calulated 
and nominal NOEL's and tha LEL's with their respactivs effects 
are as follows, 

FO parental toxicity. 
NOEL - 15(20) mg/kg/day,* 
LEL - 58(80) mg/kg/day, reduced male body weight. 

Fl parental toxicity, 
N~EL - 4(5) mg/kg/day. 
LEL - 14i20) mg/kg/day, reduced femnle body weight. 

Developmental toxicity, dose level to dams. 
NOEL - 7(5) mg/kg/day, 
LEL - 26(20) mg/kg/day, reduced weight in Flb pups, 

Nominal dose levels edministered o, 5, 20, or 80 mg/kg/day. 

* Calculated lowest dose level within the range consumed 
by the animals at the nominal dose level administered 
(nominal dose level administered), 
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~ EVALUA.!!Q! REPORT 

STUDY ~· Effects of 2,4-D on Two-Generations of Reproduction 
in Rats 

~ SUBSTANCE1 2,4-Dichlorophenoxyacetic Acid (2,4-D) 

SYNONYMS1 2,4-D !Q!!. CHEM, ~ 315 

ACCESSION NO.: 259442-6 (Study in 5 Volumes) 

SPONSOR: Industry Task Force on 2,4-D Research Data (ITF) 

TESTING FACILITY: Wil Research Laboratories, Inc, (WIL) 
Ashland, OH 44805-9281 

TITLE OF REPORT: A Dietary Two-Generation Reproduction Study 
in Fischer 344 Rats with 2,4-Dichlorcphenoxy
acetic Acid. 

AUTHORS1 Stanley Kopp, Patricia L Leist, Michael D 
Mercieca, Elaine J Tasker, Gabriela P Adam, 
Mark U ~emec, Dean E Rodwell. 

STUDY !!Q_.1 WIL-81137 

TESTIN~ PERIOD1 November 16, 1982 to May 15, 1984 

REPORT ISSUED: July 26, 1985 

PURITY OF ~ SUBSTANCE; 

CORE GRADE: Minimum, 

ITF analysis 97.5% 
WIL ana1ysis ~5.8% 

A. CONCLUSIONS ON THE EFFECT ~ !!Q. EFFECT LEVELS: 

The effect levels and no effect levels are expressed as the 
lowest dose level consumed within a measured dose level range, 
The target or nominal dose levels adminietered, for reference 
purposes only, are er.closed in parentheses(Discussed more fully 
in the section on Study Design and Conduct). Dose levels 
are given in mg/kg/day. 
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LEt and NOEL is.expressed in mg/kg/day 

FO parental toxicity 
LEL- 58(80), reduced body weight. 

NOEi,- 15( 20) 
Fl parental toxicity 

LEL- 14(20), reduced body weight. 
NOEL- 3,8(5) 

Developmental toxicity 
LEL- 26(20), Flb pup weight reduction. 

NOEL- 7,2(5) 

005446 

Target or nominal dose levels administered in the study are 
O, 5, 20, or 80 mg/kg/day • 

. , In designating the LEL and the NOEL, several considerationa 
were applied. The lowest dose level ir; a range was used, 
,l\lthough it might be expected that the highest dose level 
within a range would initiate the toxicity, in a study on 
reproduction, where effects may be development stage or 
age specific as well as dose dependent, the highest dose level 
is not totally appropriate, In the study under consideration, 
the dose levels consumed varied widely during the study, and 
it was not alway!! possible to det.ermine adequately the dose 
level or the animal state at which the toxicity was initiated, 
Thus, \t seems appropriate to select, tor. the LEL, the lowest 
dose level possibly resulting in the effect. 

The NOEL is also designated as the lowest dose level in the 
range where no effects were observed. The upper dose level of 
the range was rejected because the animals did not continuously 
consume these levels. If they had, effects may have been 
demonstrated. Thus, for safety considerations, the lowest 
dose level within the range where no effects were observed 
is designated the NOEL, 

The appropriate dose level range for the NOEL. fo:::' the F 1 
female body weight reduction includes1 a) the ge~tation and 
lactation for the Flb pups(the Fl females were selected from 
these pups), b) and the growth and develme11t of the F 1 females, 
c) and the gestation and lactation for the F2a and F2b litters, 
e) and for the 4 weeks of dosing after weaning the F2b litters, 
The lowest dose level consumed during these periods is considered 
to be the NOEL. 

Similarly, the NOEL for the Flb pups is the lowest dose level 
consumed by ro dams during the gestation and lactation for the 
Flb litters. 

2. 
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" The effect and no effect levels from this study are also 
presented as the target dose levels and the range in the amount 
of test substance consumed, The target dos.e levels are the dose 
level.a which were designed for the study and which the testing 
laboratory attempted to dell.ver to the animals. The amounts of 
test substance consumed are the actual dose-levels delivered to 
the animals, at least as best could be determined from the 
concentration of the test substance in the feed, food consump
tions, and the animal weight for the week concerned, Sin~e 
th•' dose levels are calculated for 1 week before they are 
delivered, the actual delivered dose varied somewhat from these 
anticipated dose-levels during the study. 

Effect and No Effect Levels, with ranges 

FO parental LEL and NOEL in mg/kg/day 
LEL- 80(58-94)(a)(b), FO male body weight reduction, 

- B0(71-06)(b) , FO female bJdy weight reduction, 
- B0(69-ll4)(Cj , FO increase in length of-gestation, 
- NONE , FO and Fl fertility. 

NOEL- 20(15-22)(b) , No FO male body weight reduction occurred, 
20(18-2l)(b) , No FO female body weight reduction, 

- 20(18-35)(C) or no increased length of gestation occurred. 

Fl parental LEL and NOEL in mg/kg/day 
LEL- 20 ( 14-48) (d) , Fl female body weight reduction, 

NOEL- 5(3.8-13.S)(d), No Fl female body weight reduction o~curred. 

De•1elopmental toxiciti in rng';kg/Clay to dams 
LEL- 80(69-112, gestation and lactation for the Fla litters)(e), 

Fla pup death, · 
- 60(103-133, gestation and lactation for the Flb litters)(e), 

~'lb pup Cleath. 
- BU(b~-112, gestation ana lactation tor the Fla litters)(&), 

fla reduceCl pup weight, 
- 2U(26-4B, gestation and lactation for the Flb litters)(e), 

Flb reduced pup weight. 
- 8U(l03-ll4, gestation producing the Flb litters)( 8 J, 

~·lb skeletal anomalies, anCl reducea ossitication, the 
only dose level studied. 

NOEL- 5(7,2-13,S, gestation and lactation for the Flb litters)( 8 ), 

for all developmental ef tects. 

Discounted effects and toxicity 
FO male liver and liver/body weight ratio reduction at all doc~ 
levels. 
FO female kidney and kidney/body weight ratio increase at all dose 
levels. 

3, 
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The following dose levels were administered. 

(g) 

FU males(f) 
5(3.7-6.l) 

20(14.9-24.5) 
80(57.7-103.7) 

Fl males(f) 
5(4.7-5.b) 

2U(ll!-2;j) 
llU ( g) 

FO females( f) 
5(4,2-B.6) 

20(17.8-29.5) 
80(70.7-124.5) 

Fl females(f) 
5(4,5-ti,O) 

20(1!1-24) 

Target dose level(range in amount of'"test substance consumed, 
except during g'estation and/01· lactation_, unless noted) 
Includes ttlst substance consumption prior to mating only, 
Includes teet substai'nce consumption prior to mating, through 
gestation and lactation for the Fla litters and the gestation 
producing the Flb litters, the only gestation for which the 
effect was noted. 
Includes test substance consumption throughout life time of the 
the Fl generation, which includes tbe Flb, F2a, and F2b litters, 
Includes test substance consurrption only during the period/a 
indicated. 
Target dose levels administr_ated(range i.n test substance con
sumption for the test animals indicated, except for gestation and 
lacation) in mg/kg/day, 
Due to excess toxicity the Flb litters, the highest dose 
level was not continued beyond weaning. 

The dose levels were set at 50% of the prematiny dose during 
the second week of lactation and 33% of the premating dose during 
the third and forth week of lactation, This somewhat arbitrary 
setting of dose-levels dur-ing midlactation ancJ end lactation, has 
merit but needs evatuation for its impact on Agency assessment 
of reproductive effects, Also, the conse~uence of the reauced 
dosing to yC"ung animals when the Eltudy was initiated and just 
after weaning needs evaluation, Animals eat app~oxmately twice 
as much food as they do as adults during the first 2-3 weeks post
weaning. Thus, they consum:id less test substance in this study 
than would have if the concentration ot the test substance in the 
feed had not been adjusted for body weight. 

4. 5 



B. Conclusions 

Toxicity was expressed in the Flb pups and in Fl females at 
dose levels lower .than those administered to the FO parents. 
Pup death occurreu at birth and before lactation day 4 in Fla and 
Flb litters at the highest dose level whici1 c'aused slight but 
statistically significant reduced weight gain in the FO parents. 
Because of the toxicity to the pup~ at this target dose level 
of HO mg/kg/day, this dose level was dropped from the study 
after weaning the remaining Flb pups. Keduced weight gain 
occurred in Flb pups auring lactation at the middla dose leveJ. 
At this same dose level, the Flb tamale pups, which became the 
Fl femal~ generation, demonstr~ted a reduced body weight compar
ed with controls during the last 4 weeks before &ac.r.ifice, but 
after weaning the F2b pups No significant effects occurred in 
any pups or any animals at the lo~~st target aose level. No 
reduced food consumption occurred to explain any of these 
effects on weights. 

At all dose levels, absolute and relative liver weights ;..o:.ire 
statistically significantly less than controls in FO males: and 
absolute and relative kidney weights at all dose levels w.;re 
statistically significantly great.er tha11 controls in FO females. 
These statistically significant effects did not demonstrai:e 
"smooth" dose response curves, and the eftects were not cr')nfirmed 
in the Fl generation or in the histological examination of 
these organs. The report dht not consider them to be biologically 
significant. 

The toxicological significance of these effects are discounted. 
The liver weight reduction was not seen in 90 day subchronic and 
chronic studies conducted in this species and strain of rats. The 
increased kidney weights are also discount.ea because the kijney 
weights of 5 female controls were lower than the kictney weights 
ot the remaining control animals ot the ~·u yeneration by approx
imately J stanaard deviations. If these anim~ls are excluded 
from the average, then the kidney weights at uosea animals are 
comparable to the kidney weights cf the rema ::ning animals in 
the control group. 

'Ihe LEL for development i:: reduced pup weight compared to 
controls during gestation and lactation of FU aams at a 
target dose level of 20 mg/kg/day or a dose level range of 

s. 
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26-48 mg/kg/day. At the highest dose level, pup viability was 
reduced in the Fla and Flb litters, The NOEL for the reduced 
pup weight in the Flb litters compared to controls is a dose 
range of 7.2-13.5 mg/kg/day during ge11tation and lactation of 
FO females, 

· ~>iuce the liver weight decrease in maler.,and the kidney 
weight increase in females is not considered biologically 
significant., the LEL in adults is in Fl females at the target 
dose level ·of 20 mg/kg/day, where statisticalJy significant 
weight depression compared to controls occurred during the 
last 4 weeks before sacrifice,but after weaning the F2b pups. 
The NOEL for Fl adults than would be the target dose level of 
5 mg/kg/day, the same target dose level as the NUEL for the 
~'lb pup weiqht reduction, However, the range of dose levels 
consumed d1£fered(see LEL and NO~L above), 

No effects were seen on fertility in the FO r•r the Fl males 
or females. 

C, Study Design and Conduct 

The study was conducted es~entially according to the OPP 
guidelines proposed August 22, 1Y78, for a two-generation, 
tw? litters per generation study of reproduction, The 
quality assurance statment was signed the director of quality 
assurance, Ralf.h Anderson, on 7/26/85. 

About 140 Fischer 344 rats per sex were obtained from 
Charles Rivtir Breeding Laboratories, Inc, Kinston, NY on 
November 3, 1982, and quarantined for 13 days. Assignment of 
30 rats per group were based on random selection of rats in a 
blor.k design for b?dy.:weight stratistication. Animals were 
housed individually under recomrnendEd conditions, 

The FO generation was placed on aiets aesigned to deliver 
dose levels of o, s, 20, or 80 mg/kg/day, respectively, to each 
group, each of 30 rats per sex, for 105 aays prior to mati.ng. 
subsequently, the animals were dosed in an analogous manner 
during each matiny, each gestation, and each lactation. The 
total dosl.ag and continuous uosing period for FU animals was 
40 weeks which included 2 weeks rest between the ena of 
lactation for the Fla litters to the beginning of mating for 
the Flo litters and 3U days after weaniny these ~atter litters, 

The Fl generation, selected from the Flb pups, was 
exposed to the test substance in utero, and contin1,ously via the 

6. ";' • 
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milk or the teed tor 125 days postnatally and prior to mating 
and through mating, gestation ana lactation for the f2a litters. 
Uosing continued through a 2 week rest period and mating, 
gestation, lactation for the E'2b litters and for at least JO 
days after weaning the F2b litters, 

The total period of continuous administration of the test 
substance, from initial dosing of the FO generation to the end 
of the Fl generation, was 77 weeks, During this period, the 
tesc substance was administered to the FO generation, Fla and 
Flb litters, the Fl generation(selected from Flb litters), 
including the F2a and F2b litters and for 30 days after weaning 
the F2b litters. 

The test substance was adminis~~red in the feeci at target 
dose levels of 5 1 20, or 80 mg/kg/day, The concentration in 
the feed was,adjusted weekly according to the food·corisumption 
during the previous week and the average body weight' for that 
week. This regimen was followed in the FO generation up to 
week 15 (105 days) or just prior to mating to produce the Fla 
litte1:·s, Except' as indicated 'belw, monthly adjustments ware 
made after mating. During mating, males and females were 
exposed to the diet prepared for the females which was based 
on the concentration prepared for ths week prior to mating 
(week 15 for the FO matings). The same dietary •concentration 
was used throughout mating, ~est..ation, ana the tirst week of 
lactation. uuring the second week of lactation, the dietary 
concentration was reduced by SU percent and during the third 
and fourth weeks of lactation, the dietary concentration was 
reduced by 67 percent of diet concentrations used during the 
first week of gestation (~concentration based on week 15). 
A similar dosing regimen was followed in producing the Flb 
litters, except the dosing regimen was based on body weights 
for week 24 and food consumption for week 15, The actual 
dose level consumed during gestation and lactation are given 
in tables 1 and 2. 

The report claimed that the food consumption for week 15 
was actually for 6 days insteed of 7, but that the average 
daily foo·j consumption used for week 24 wau incorrectly based 
on a 7 de:y week. Thus, t.he average daily food consumption for 
week 15 was calculuted to' be 86\(6/7~.86) of the actual daily 
average. This would result in the intended concentration of 
test substance in the feed during production of the Flb litters 
to be 86% of the actual feed concentration used dur~ng this 
period. The report did not make it clear whether ~r not this 
same error was made in the test suOstance concentration in the 
feed used during production of the Fla litters. 

7. 
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Table 1. 

Tast substance consumed during gestation in FO and Fl dams 
producing Fla, Flb, F2a, and F2b litters, 

Target dose levels in mg/kg/day 

20 80 

Test substance consumed, in mg/kg/day, 
was calculated from the concentration, 
food consumption,and body weight. 

FO dams during the gestation 
producing the Fla days 0-7 4.6 18.1 6!1, 0 

days 7-13 5.0 ;lQ. 5 79.6 
days 13-20 4,9 19.6 76.l 

FO dams during the gestation 
producing the Flb days o--7 7.2 26.4 103.4 

days 7-13 a.a :.!9. 4 113.8 
days 13-20 7,5 28.4 106.9 

Fl dams during the gestatior. 
producing the F2a days 0-7 3.8 17.1 NC 

days 7-13 4.8 19.6 NC 
days.13-20 5.1 19.9 NC 

Fl dams during the gestation 
producing the F2b days 0-7 3.9 14.2 NC 

days 7-13 4.8 18.l NC 
days 13-20 4.7 16.7 NC 

NC-Testing of the Fl generation was not continued at this dose 
level after weaning. 

a. 
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Table 2 

Test substance consumed during lactation in FO and Fl dams for 
Fla, Flb, F2a, and F2b litters. 

Target dose levels in mg/kg/day 

0 5 20 

'rest substance consun1>tion in mg/kg/day 
calculated from concentration, food 
consumetion 1 and bod~ weight, (,!) 

FO dams during lactation 
for Fla days 1-7 8,9 34,7 112.3 

days 7-14 6,5 25.2 84.0 
days 13-20 4,9 19.6 76.l 
days 14-:H 5,1 20.7 72.4 
days :H-28 6.9 :n. Ii 82. 9 

FU dams during lactation 
for ~'lb days 1-7 13.5 47,8 132.7 

days 7-14 9,4 34.6 106,9 
days 14-21 7.3 26.4 90.9 
days 21-28 9.3 32.6 11:.!.7 

l•'l dams during lactation 
for F:.!a days 1-7 8.2 34.0 NC 

days 7-14 5,9 24.6 NC 
days 14-21 4.6 18.8 NC 
days 21-28 7.0 29.l NC 

Fl dams during lactation 
for F2b days 1-7 7.6 28.5 NC 

days 7-14 5.6 20.6 NC 
days 14-21 4.8 17.S NC 
days 21-28 6.6 25.2 NC 

NC-Testing of the Fl generation was net continued at this dose 
level after weaning. 

(a) Included in these values is the 50% reduction in the 
concentration of the test substance during the second 
week and the 67% reduction duriny the third and fourth 
week of lactation. 

9, 
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The Flb litters for the Fl generation remained on the 
reduced diet of lactation week 3 and 4 after weaning from 
the FO dams. After selection for the Fl generation, pups were 
placed on test diets at target aose levels of 5 and 2U mg/kg/day, 
with weekly adjustments to week 53, the week prior to mating 
to produce the F2a litters. At this time, Fl males received 
the same diet as Fl females, Monthly adjustments were made 
to the diets after mating, except during the second week of 
lactation for the F2a and F2b litter when the concentration 
of the test substance was reduced bY 50 percent and during 
the third and fourth weeks of lactation for the same litters 
when the concentrations of the test substance was red.uced by 
67 percent. 

The study report did not specifically state how the 
doses were adjusted for the Fl yeneration but their oosing 
regimen can be calculated from the amounts of test substance 
consumed, and the body weights during the ~·1 yeneration for 
yestation and lactation for the F2a and F2b litters, The 
study report stated, "After selection, the Fl pups were placed 
on test diets at dose levels of 5 and 20 mg/kg/day." The 
study report also stated that adjustments were made to the 
diet based on food consumption and body weight. 

These dosing regimens resultea in generally higher dose 
levels in the lactating FO and Fl dams than fot· the prema ting 
tal·get dose levels. The higher aose levels were greatest in 
FD dams lactating for the Flb litters. Table 1 and 2 gives 
the amount of test substance consumed during yestation and 
lactation, respectively for Fla, Flb, F2a, and F2b litters, 
Consumption of test substance during yestation is incluuud 
in table 1 because test substance consumption differed among 
these litters. The downward adjustment ot the concentration in 
the feed during lactation did not occur during gestation, At 
other times the actual dose levels consumed were very close to 
the target dose levels. 

The usual parameters were evaluated such as, fertility, 
duration of gestation, viability of pups at parturition and 
durin(! :~ctation, the amount of food consumption, body weight, 
pup ~nomalies, and variations, in adaition to nistopathology 
on the testes, ovaries, kidneys, and livers. Organ weights 
•·1ere determined on the kidney, liver at necropsy ana on t•,stes 
after fixing in lU percent formalin. 

10, 
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The following organs and ~issues were taken at sacrifice 
and preserved; but histopathology was conducted only as 
previously indicated, 

1. Adipose tissue 
2. Adrenals 
3. Aorta 
4. l:lladder 
5. Bon9 marrow 
6, Brain 
7. Cecum, colon 
8. Spinal cord 
9. Epididymis 
10. Esophagus 
11. Eyes 
12, ovaries/Testes 
13. Heart 
14. IntestineE 
l !; , Kidneys 
16. Liver 
17, Lung/bronchi 
18, Lymph node-thoracic 

and mesenteric 

Statistical Methods 

19. Mammary Gland and Skin 
20. Nasal turbinates 
21, Pancreas 
22, Parathyroids 
23. Pituitary 
24, Prostate 
25, Salivary Glands 
26. Sciatic Nerve · 
27. Seminal Vesicle 
28, Skeletal Muscle 
29, Spinal Cord 
30. Spleen 
31. Sterum 
32. Stomach 
33. Thymus 
34. Thyroid 
3-;. Tl·achea 
J6, Uterus/cervix 
37, Vagina 

All analyses were conducted using two-tailed tests 
(unless otherwise specified), 

1. Histopathological findings and incidence by sex were 
compared to control groups by Kalmogotov-smirnov 
one-tailed test, 

2. FO and Fl male and female fertility indexes, Fla, 
Flb, F2a, and ~'2b pup sex ratios on lactation day 1, 
and Fla, Flb, F2a, and F2b pup survival indexes on 
on lactation day 4, 7, 14, 21, and 28 for the control 
groups were compared to each treated group by the 
Chi-square test with Yates correction factor. 

3. Other effects in treated groups were compared to 
controls by analysis of variance followed by 
Dunnett's test. 

11. 
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sununary of Study Conduct 

1. Test substance administered continuously throughout all 
phases of the study. 

2. ~o dosed continuously trorn approx. 5 to 6 weeks of age 
tor 105 days prior to first mating (i.e., approx. ~O weeks 
of age), 

3. FO mated 111 for 10 days and if no evidence of sperm, 
second matings were allowed with a proven male for 5 days. 

FO continued for 3 weeks 
weaning of Fla litters. 
day 4 of lactation. 

of gestation and 4 weeks to 
Pups reduced to 8 per dam on 

S, All Fla litters necropsied and discarded after weaning. 

6. FO rested 2 weeks between weaning Fla and mating for 
production of the Flb as in #3. 

7 FO continued for 
of Flb litters. 
lactation. 

3 weeks gestation and 4 ...,..eks to weaning 
Pups reduced to 8 per d·lm on day 4 of 

a. Ten Flb pups per. sex per dose level randomly selected 
for necropsy, after weaning. 

9. One pup per sex per aam per dose level rando; ... .l.y selected 
from Flb litters for the Fl generation, Because of 
excess toxicity at the target dos~ level of 80 mg/kg, only 
controls, and the target dose level groups of 5 and 20 mg/kg 
were continued on study. All Flb pups at 80 mg/kg/day were 
sacrified at the end ot weaning, 

10. All FO animals were sacrificed on week 40 of the study. 

11. Selected Fl pups were dosed via milk ana in the feed for 
125 days prior to mating to produce the F2a littex·s, 

12. Dosing, mating, gestation, and weaning in the Fl generation 
producing the F2a and F2b litters followed procedures, 
including necropsy, similar to those followed for the FO 
generation in producing the Fla and Flb litters, 

12. 
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13. All ~·1 animals were sacrificed on week 77 of the study, 

14, All ~·1a, · E'lb, ~·2a, and ~'2b dying prior to weaning were 
studied for malformations and variations. 

D, Test Ch,omical Identity and Concentration in the Feed 

The study report, presented an analysis conducted by Wil 
Research Laboratories, and the Industry Task Force analysis on 
2,4-D, According to a Wil Research analysis, the test substance 
was 95,B percent pure 2,4-D. The report presented the following 
analysis of the test substance by the task force, but no further 
analysis or explanation of the ditferences between the Task 
Force analysis of 97.5 percent, and the Wil Research analysis 
of 95,8 percent, was presented. 

2,4-D 97.5, 

ND a Not detected, (lowest level detectable), 

Samples of the diets containing 2,4-D were collected for 
study weeks o, l, 2, 3, 4, 8, 13, 26, 39, 52, 65, 77. None 
of the sample diets were collected during weeks of gestation 
or lactation. The analyses after recovery of 2,4-D from the 
diets with the highest concentration were within 10 percent 
of the measured concentration. Analyses of 2,4-D in the 
diets at the middle dose level and the lowest dose level were 
always within 15 percent to 20 percent of the measured con
centrations, except for three of t.he lowest dose levels !~hi ch 
were 77 percent, 61 percent, ana· 55 p£rcent of the measured 
dose levels. One was in a diet mixed on the 4th week of the 
study and two were for a diet mixed on the 13th week of the 
study. The 55 percent of the measured level was apparently a 
repeat analysis on a sample of the diet yielding the 61 
percent of measured dose level. 

13. 
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E. Results 

1. Fertility in FO and Fl Males and Females. 

No reduced fertility was expressed in males or females 
of the FO generation in producing either the Fla or th9 Flb 
litters, Howev•n:, a nonstatistically significant apparent 
reduction in'male fertility occurred in producing the Flb 
litters (table 3), No reducea fertility was expressed in 
males or females of the Fl generation in producing the F2a 
and F2b litters. A second mating bY a proven male was 
conducted when females demonstrated no evidence of sperm. The 
number of second matings producing the Fla/Flb pups were 0/6, 
5/6, 1/2 and 0/2 for controls and the target dose levels of s, 
20, or 80 mg/kg/day, respectively. second matings to produce 
F2a/F2b pups were 3/4, 2/1, and 4/4 for control and the target 
dose levels of 5, or 20 mg/kg/dar• 

The fertility index for productio~ of the Fla and Flb 
litters is 70 to 79 percent in cont~u1· FO males and 70 to 79 
percent in control FO females (see table 3). The fertility 
index for males and females, respectiveiy is the number of 
gravid females divided by the number males or females mated, 
respectively, adjusted to percent. 'I.'hese indexes ranged from 
70 to 83 percent in treated males and 70 to 90 percent in 
treated females producing the Fla and Flb litters. Similarly, 
the fertility index for production of F?.a and F2b litters is 
60 to ,70 percent in control Fl males and 64 to 72\ in control 
~1 females (table 4.). These indexes range from 67 to 80 
percent in treated Fl males and 64 to SO percent in treated Fl 
females prcducing F2a and F2b litters. None were statistically 
significantly diftorant from controls. The number of days 
required for mating ranged from 4.0 to 5,7 days of cohabitation 
to produce the ~·la and Flb litters and 3.2 to 4.6 days of 
cohabitation to produce the F2a and F2b litters. These were 
no different from control values. 

This failure to detect an effect on fertility is consistent 
with the lack of histopathological findings in the testes or 
epididymides of males and with the lack of histopathological 
findlngs in the ovaries or uteri of females from the FO or Fl 
generation at terminal sacrifice. However, since the highest 
dose level was dropped from the study, fertility in the Fl 
generation was not evaluated at this dose level. Thus, the 
mid target dose level of 20 mg/kg/day shoula be considered 
tho NOEL for fertility. 

14. 
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Table 3 

Fertility indexes for FO male ana females produciny Fla and Flb 
litters, · 

Target 
dose 

0 

5 

20 

80 

Fertility Index (no. gravid/no. males or females 
matea) x 100 

l:'roducing Fla Proaucins ~·10 

No, of No, of No, ot No, Of 
males ! females ' males ! females 

21/30 70 21/30 70 23/29 79 23/29 

25/30 83 26/30 87 25/30 83 27/30 

24/30 80 24/30 80 23/30 77 23/30 

21/30 70 21/30 70 21/30 70 21/30 

Table 4 

' 
79 

90 

77 

70 

Fertility indexes for Fl male and females producing F2a and F2b 
litters. 

Target 
oose 

0 

5 

20 

Fertility Index (no. gravid/no. males or female~ 
mated) x 100 

Producins E 2a l:'roducins F2b 

No, ot No, Of No, Of NO, Of 
males ' females ' males ' females 

21/30 70 21/30 72 lt!/30 60 1ti/:l8 

24/30 80 24/30 80 20/30 67 20/30 

22/30 73 23/30 77 20/30 b7 :.!O/ 30 

lS. 

' 
64 

67 

67 
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2. Length of G~statio'n in FO and Fl Females 

The lengths of gestation was statistically significantly 
prolonged in FU females producing the Flb pups only and only 
at the highest target dose level of-BU mg/kg/day. This 
increase in gestational lengths was due to a gestation length 
of 23 days in approximately one halt of the dams from this 
grt>up instead of the usual·22 days of gestation demonstratea 
by most FU and f'l dams. in all groups. The LEL is between 103 
and 114 mg/kg/day and NOEL is between lij and 35 mg/kg/day. 

The effect could result tram aelayed implantatio·n, hormonal 
imbalance, or parturition problems. The effect is consid-
ered biologically significant and undesirable. 

3, Body Weights of the FU and Fl Generations • 
• ' _i 

The mean body weights of FO males and f.emale rats were 
statistically significantly less than controls in the high 
dose group only. In FO males, the reduced body weight 
(97 percent of controls) was consistent after the sixtb week 
of test substance consumption and in FO females the body weight 
was consistently reduced (96 percent of controls) by the twelfth 
week of test substance consumption. The failure to gain as 
much weight as controls could not be attributed to reduced food 
consumption. The food consumption, and the food consumption 
per gram body weight gain was slightly increased, Body weights 
of the FU generation in the target aose groups of 5 or 20 
mg/kg were similar to control weights throughout this study, 
but tood consumption appeared to be slightly elevated(not 
satistiually significant), · 

FO aams producing Fla and Fl.b litters had statistically 
significantly lower body weigh~s than control weights on d~y 
20 ot the gestation producing the Fla and Flb litters in 
the highest dose group (table 5). At this dose level, body 
weights of dams were reduced on day 7, 13, and 20 of the 
gestation producing Fla litters, but the body weights of 
dams producim~ Flb litters were statistically significant.Ly 
reduced only on day 20. Thus, toxicity was expressed in FO dams 
during gestation of the Fla and Flb litters, 

on lactation Clay 7, ••u dams lactating for Fla litters, 
express significantly reduced body weights in the highest dose 

·g1·oup (table 5), For these dams, the body weight per gram of 
food consu;ned was about one half the value when compared to 
other ~ose groups and controls(data not shown), Dams demons
trated toxicity during lactation for the Fla, and for the Flb 
litters. At the end of lactation for the Fla and Flb litters, 
the body weights were satistically significantly elevated. 

16. 
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Table 5 

fU t'emale l:lody Weight (g) duriny yestat1on ana lactation for Fla 
and t'lb litters. 

Target Dose Levels (mg/kg/day) 

0 5 20 80 

Body wt. of FO during gestation producing Fla 

Day 0 178 179 178 173 
7 190 191 191 181** 

13 208 208 206 196** 
20 246 252 249 232* 

Body wt. of FO during lactation for Fla 

Day 189 191 191 16.; 
7 205 207 201 169** 

14 212 212 207 208 
21 216 213 219 212 
211 ltl !:I 11:14 HIS 204** 

l:lody wt. of FU during gestation pro1tucing Flb 

Day 0 200 205 202 197 
7 210 214 210 2U4 

13 2<!6 232 230 218 
:.io 270 277 :.!74 244** 

Body Wt. of FU duriny lactation tor Flb 

Uay 0 ;ao 215 208 :.ius 
7 226 233 225 211* 

14 228 ;.:37 233 224 
21 22:1 239 2l4 231 
28 :.!03 1!17 1!13 :.!26* 

•p < o.oos, Dunnett'• Te.,t, 
**p < 0.01, Dunnett's Teet. 

17. 
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Table 6 

Fl Fe11111le Body Weight (g) during gestation and lactation ~or F2a 
and F2b litters. 

Target Dose Levels (mg/kg/day) 

0 5 20 

Fl during the gestation producing F2a 

Day 0 :.io 1 l!HI 198 
7 211 2011 211 

13 :.!34 227 228 
20 271 271 270 

Fl during lactation for F2a 

Day u 216 211 211. 
7 228 221 222 

14 234 232 233 
21 232 233 236 
21! 220 221 223 

Fl during gestation producing F2b 

Day 0 222 221 214* 
7 234 229 224* 

13 250 241! 241 
20 293 290 278 

~-1 during lactation for F2b 

Day 0 236 :.!34 2:.!7* 
7 2411 245 237 

14 260 :.!45* 248 
21 2!>5 252 250 
211 228 221 222 

*p < 0.05, Dunnett's Test. 

18. 
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The body weights of the Fl generation, after selection, 
was comparable to control body weights, except in females at 
the target dose level cf 20 mg/kg d•Jring weeks 74 to 77 where 
they were statistically significantly less than controls 
(97 percent of controls), The report stated that these body· 
weight reductions in tamales were not biologically 
significant, No explanation was pcesented. 

,· 

The body weights of .~'l females during gestation and 
lactation demonstrated rio consistently significant patterns 
durina production or lactation for the F2a or F2b-litters 
(table 6), however they were statistically significan.tly reduced 
on day O and 7 of the gestation proaucing the F2b litters, and 
on day U of lactation for the the F2b litters, 

4, Pup Weights from Fla, Flb, F2a, and F2b Litters 

Pup weights were significantly reduced over control 
weights in the Fla (table 7) and Flb (table Bl ~ups only, 
Both male and female Fla and Flb pup weights were less than 
control weights trom birth to lactation day 28 in the 
BO mg/kg target dose group. At the next lower dose level, 
both Fla and Flb male and female pup weights tended to be 
apparently lower than control weights toward the end of 
lactation. By day 20 of lactation, both male and female pups 
in the.Flb litters only demonstrated a statistically significant 
decrease in body weight over control weights, The male pup 
weight in Flb litters in the lowest dose group which were 
statistically signifi.cantly reduced un lactation day :tB may 
not be biologically significant, since there were no apparent 
differences f·rom control 'll'eights throughout the previous 
weeks of. lactation. 

None of the F2a or F2b pup weights were found to be 
different from control weights. 

19. 20 
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Table 7 ~ .. 

~ N 
~ Sunnny of FJa litter weig:tts (g) 
U") 1111les and fenales 
0 
0 tactation ll!lys 

1 4 4 7 14 21 28 
Males 

Graip D::l88 Level Mean Before After 
No. (ng/kg/day) S.D. tielection Selection 

l 0 Mean 5.5 7.7 8.0 11.9 22.5 32.6 51.8 
s.o. 0.83 1.50 1.06 1.15 1. 72 2.81 6.33 

2 5 Mean 5.6 7.9 7.9 11.8 22.1 31.7 48.8 
S.D. 0.71 1.20 1.22 1.83 2.67 3.06 6.37 

3 20 Mean 5.6 7.9 7.9 11.8 21. "I 30.9 48.0 
S.D. 0.61 !). 71 0.71 0.80 2.26 2.59 5.62 

4 80 Mean 4.9* 6.4** 6.4"* 8.5** 17.2** 26. 7** 39.l** 
S.D. 0.46 0.71 7.22 1.30 2.10 - 2.22 5.24 

Gr<q> 
No. Females 

l 0 Mean 5.2 7.5 7.7 11.4 21.7 31.l 48.8 
S.D. 0.72 1.41 0.94 1.03 1.91 2.87 5.25 

2 5 Mean 5.4 7.7 7.7 11.5 21.5 30.5 46.0 
s.o. 0.73 1.24 1.25 1.76 2.55 2.74 5.47 

3 20 Mean 5.4 7.7 7.7 11.5 20.7 30.0 46.0 
S.D. 0.75 0.58 0.59 0.66 2.27 2.79 5.28 

4 80 Mean 4.7 6.3** 6.3** 8.5** 11.0•• 26.5** 39.3** 
S.D. 0.39 o.85 0.85 1.46 2.57 3.10 6.30 

* • Sigdficantly different fran control grottp at .05 level using Dunnett's test. 
•• • Significantly ditterent fran coutrol grOJP at .01 level using Dunnett's test. 
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1/ 
The reduced Flb pup body weights in the mid dose level 

occurred from lactating dams demonstrating no statistically 
significant toxic signs·at the time, although their body 
weights were apparently reducea from controls on lactation 
day 28. This may· indica.te that a change in the metabolism 
of 2,4-D occurred in FU dams from production of the Fla to 
production of the Flb litters. Thus, dams exhibiting app
arently no toxicity at the time, resultea in a reduction in 
pup weight over control weights, 

s. Viability of Fla, Flb, F2a, and F2b Litters 
~-

The study demonstrated a s~atistically significantly 
reduced pup viability over controls only at the highest 
target aose level of· JJO mg/kg (tables 9 and 10). The greatest 
reduction occurred in Flb pups at birth, with the mean litter 
size being about one half the control value due to deaths of 
portions and of entire litters. The mean litter size was 
reduced from five to three by day 14 of lactation, with no 
more deaths by lactation aay '8 (table 10). 

Some indication of reduced litter size was apparent in 
Fla litters of the targ~t d0se of 80 mg/kg, but the apparent 
decrease was not statistically significant (table 9). At 
birth however, there was a aifterence in the sex ratio of pups 
which was significant at the p < 0.01 level. From day 1 to · 
day 28 of lactation, no further significant number of pup 
deaths occurred. 

The study report stated that the decrease in female pups 
at births in Fla litters was not aose-related. I believe that 
it may be dose related,· since at the highest test substance 
consumed hy mothers producing Flb pups, where test substance 
consumption was higher than in aams producing the Fla litters, 
both male and female pup survival at birth were less in the$e 
Flb pups than the corresponding pup s~rvival in the Fla pups. 
Thus, there appeared to be a aose response relationship. 

Viability of the F2a and F2b pups was not affected, 

6. Malformations and Variations 

E'lb pups which died ·~afore lactation day 28 were studied 
for malformation ana variation. As can be seen from t&ble 
ll, bent ribs, 14 the rudimentary ribs, malaligned sternebree 
and unossitiea sternebrae were seen in the Flb pups. ~ince 
most of these pups diea at birth or were aead by day l of 
lactation, the etfects were seen primarily just atter birth 
at the highest dose only and in the Flb pups only. This was 
the only group tor which there were sufficient aeaths, and 
animals could be necropsied. Only pups which died were 
av~ilable tor necropsy except at weaning. These etfects are 

22. 23 
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Table 9 
StQnaey of Fla viability indexes 

Sex Gestation Day 4 
No. Ratios Live Litter &.irvival Before 

Grwp Dead Day 1 Size Index Selection 
No. Pl"'6 M:F No. MF.AN No. ' No. 

1 3 99:114 213/21 10.l 213/216 98.6 208/213 

2 20 133:118 251/25 10.l 251/271** 92.6 247/251 

3 3 121:116 237/24 9,9 237/240 !18,8 237/J.37 

4 9 10!1:71** 18Ul'.2U 9.0 1801'.'.189 95.2 1751'.'.180 

Gz:oop llay 7 Day 14 Day 21 
l'lo. No. ' No. ' No. 

1 156/160 ':17.5 156/160 97,5 156/lbU 

2 190/191 !19.5 190/191 99.5 190/191 

3 1113/1113 100.U 183/1113 lUO.O :i.83/183 

4 1461'.'.147 99.3 1431'.'.141 97.3 1431'.'.147 

l - 0 ng/kg/day 2 - 5 mg/kg/day 3 - 20 mg/kg/day 4 - 80 ng/kg/day 

Survival ratios and sex ratios oonpared using chi-square test. 
Mean rud>er of viable pups ~ using analysis of variance. 
** s Significantly different fODll ccntrol at .01 level. 
Live litter size = No. pup alive on day 1 of lactation/no. litters. 
Gestation index =No. pups alive on day 1 of lactation;total no. pups bom. 
Viability inde>lles ~No. pups alive oo day 4 before selection/no. pups alive day 1. 

= No. pups alive day n/no. pups alive day 4 after selection. 

23, 

' 
97.7 

98.4 

100 •. 0 

97.2 

' 
97.5 

99.5 

100.0 

97.3 

Day 4 
After 

Selection 
No. ' 

160/160 lUO.O 

191/191" 100.0 

183/183 100.0 

1471'.'.147 100.0 

Day 28 
No. ' 

156/160 !11.5 

190/191 99.5 

1113/183 100.0 

1431'.'.147 97.3 



Table 10 
Slamary of Flb v!_ability indexes 

sex Gesta\.~00 

No. Ha tics Live Litter Survival 
Grwp Dead I.lay l Size Index 

No. P.IPS M:F No. MF.AN No. ' 
l 5 112:107 219/23 9.5 219/224 97.11 

2 l!:> 120:131 251/25 10.u 251/2b6 94.4 

3 3 llU:l211 2311/23 lU.4 2311/241 911.11 

4 llU** 23:28 180/20 5.1** 51/161** 31.7 

Grwp Day 7 Day 14 
No. No. ' No. % 

l 164/164 100.0 164/164 100.0 

2 177/177 100.0 177jl77 100.0 

3 174/174 100.0 174/174 100.0 

4 34/42** 81.0 30/42** 71.4 

1 - 0 ag/kg/di'!y 2 - 5 ng/kg/day 3 - 20 ng/kg/day 4 ·- 80 ng/k<;j/day 

survival and sex ratios ccnpared using chi-square test. 
Mean llUIDer of viable pups ccnpared using anaJ,ysis of variance. 
** ,.. Significantly 1'.!i.i'ferent fran cont.rel at .01 level. 

Day 4 
Ile fore 

Selecticn 
No. ' 

219/219 100.0 

246/251 911.0 

237/23tl 99.6 

44/51*'° 86.3 

Day 21 
No. ' 

164/164 100.0 

176/177 99.4 

174/174 100.0 

30/42** 71.4 

Live litter size , gestation inaex and viaoility indexes = see legend table 9. 

24. 

Day 4 
After 

Selection 
No. ' 

164/164 100.0 

177/177. 100.0 

174/174 100.0 

42j42 100.ll 

Day 28 
No. ' 

164/164 100.0 

176/177 99.4 

174/174 100.0 

30/42** 71.4 
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sometimes seen ·at aose levels causing maternal toxicity, but 
administration of many compounds do not cause these ettects 
at maternally toxic dose levels. 

The number of malformat'ions and- var.iations in these F lb 
pup dying prior to weaning were apparent1Y not sutticient for 
statistical significance by the Fischer exact test, As can 
be seen from Table 11, 50 percent ot the litters which died 
in the high dose group had, for example, rnalaligned sternebrae 
compared with 20 percent in controls. The adequacy of these 
statistical evaluations appear questionable and perhaps should 
be reevaluated by OPP. However, even if the n1.Unber of 
anomalies and variations were signif icarit in the high dose 
group, the failure to find significant nlJllbers of these 
effects in five litters examined in each of the controls and 
the lowest dose group may inaicate that these effects did not 
occur below the highest dose level. 

If comparable examinations were conduct~a in all Fla 
pups, a dose relationship may have been apparent in the 
anomalies and· variat:ions. '!'here is no inaic11tion that 
this was done. A detailed study on developrn(!ntal effects on 
the ~·la pups which died duriny lactation was conducted but 
these numbers were insufficient to establish a NO~L. If the 
~·1a pups were preserved, .it may. have been usetul to have 
examined them for a dose related response i_n developmental 
effects. However, by day lH ot lactation, all ot the apparent 
etfects anologus to those seen in the Flb pups shortly after 
birth may have disappeared. 

Uose levels consumed by darns around the perinatal period 
were greater tor the Flb litters than for the Fl~ litters. 
The week imrn&1iately before parturition, gestational day 
13-20, the dam~ of the Fla pups conswnea tne test substance 
at a daily rate of 76.l mg/kg, whil•1 the darns of the Flb pup, 
durl.ng the corres;onding time perioo consumed 107 mg/kg. The 
daily consumption of test substance by darns during the tirst 
week of lactation for the Fla and Flb pups was 112 and 133 
mg/kg, respectively, in the 80 mg/kg target dose level group, 

is. 
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Table 11. 

Total Number ot Pupa and Litters with Develo1,:111ental and Genetic 
Variations - Only Flb Pups Found Dead Lactation Daya 0-28 

Dose Group 

Number Examin.ed Externally 
Findings 

Number Examined Viscerally 
~indings 

Number Examined Skeletally 
Sternebra 15 and/or 
16 unoeeif ied 
Sternebrae tl, 12, 13 
and/or 14 Unoasified 
Sternebrae Malalignad 
(slight or moderate) 
14th Rudimentary Rib(s) 
Bent Rib(s) 
Reduced Ossification of 
the Vertebral Arches 

Pups 
l 2 3 4 

5 15 3 103 
----None--------

5 15 3 103 
----None--------
5 

0 

0 

1 
0 
0 

0 

14 

0 

0 

0 
0 
0 

0 

3 

0 

0 

0 
0 
0 

0 

98 

7 

1 

23 
12 
30 

2 

Litters 
1 2 3 4 

5 5 3 18 
----None------

5 5 3 18 
----None------

5 

0 

0 

1 
0 
0 

0 

5 

0 

0 

0 
0 
0 

0 

3 

0 

0 

0 
0 
0 

0 

18 

5 

l 

9 
6 
6 

2 

None significantly different from control group using Fisher's 
l:':xact Test. 
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7, Organ Weights and Histological Studies 

The absolute and relative liver weights were reduced at 
all dose levels in the FU males (table 12), Only the liver/body 
weight ratios are presented, The absolute and relative kidney 
weights were increased at all dose levels in FO females (table 
li), The report did not consiaer the effects on organ weights 
to be dose-related in either sex, No explanation tor this 
opinion or for these possible test substance related effects 
was presented, However, neither 1 .r·1~fect exhibited a smooth 

, L• dose-related decrease or increase; respectively •. 

In the Fl generation relative kidney weight of the left 
but not the right kidney was signiticantly elevated in males 
at the 20 mg/kg target dose level only (table 13), The relative 
liver weights in males of this group were apparently elevated 
but not statistically. The relative liver weights were increased 
in Fl females of this dose group but the apparently slightly 
elevated kidney weights, probably, are not dose related (table 
13), Thus, the possible oragn weight eftects in Fl generation 
failed to confirm the statistically significant organ weight 
effects seen in the FU generation. 

No organ weight effects or histopathology was seen in 
the testes from any duse level trom any generation. No dose
related histological effects were. seen in the ovary. Thyroids 
1:iay have been savfld but no histology was conduct.ea on them. 
All the histological studies conaucted failed to tind any 
dose-related pathology in any ot tnese organs in the ~·u 
generation and the Fla, Flb, and Fl generation and F2a and 
~·ib pups. 

· Two histological studies on the livers of tne FU animals 
were reported. Une study was conducted by the testing taci!ity 
(table 14), ana the otner was conducted by w, .Kay lirown of 
Kesearch Pathology services,Inc., New Hritain, P.A.(table 15), 

When the livers from FO males were examined histologically 
numbers of small foci of necrosis were found in all groups. 
This was initially diagnosed as Tyzzor's desease (table 14), 
This diagnosis was rejected because females were not aftected, 
diarrhea was not detected, and .. survival was normal. Research 
Pathology Services found that small basophilic alterations in 
hepatocytes occurred at a slightly higher incidence in dosed 
animals(table 15). In females, these alterations occurred 
at a slightly higher incidence in controls. None of these 
histological findings were considered to be dose related 
by either pathologist. 
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Table 12. 

~·o Terminal liody Weights and kelative Organ Weights 

FO male bwt. 
SD 

FO female bwt. 
SD 

FO male organ wt. 
per 100 g bwt. 

Lt Kidiaey 
SD. 

Rt Kidney 
SD 

Liver 
SD 

Testes 
SL> 

E'O female organ wt. 
per 100 g bwt. 

Lt Kidney 
SD 

Rt Kidney 
SD 

Liver 
SD 

Target L>os~ Levels mg/kg/day 

0 

37~. 
15.4 

217 
10.5 

0.417 
0.18 

0.469 
0.18 

3,474 
0.22 

0.830 
0.04 

0.351 
0.14 

0.361 
0.15 

3,477 
0.21 

5 

373 
17.8 

220 
9.8 

0.356** 
o.06 

0.357** 
0.06 

3.242** 
0.18 

0.835 
O.U4 

0.4'.71** 
0.12 

0.476** 
0.11 

3.663 
0.50 

20 

361:! 
18.3 

216 
8.4 

0~\21 

0.05 

0.420 
0.05 

3,337• 
0.17 

0.021 
o.u5 

0.410* 
0.05 

0.398 
0.06 

3.608 
0.27 

110 

354** 
19.5 

209** 
12.2 

0.435 
0.04 

0.429 
0.05 

3.226** 
0.25 

0.854 
O.U8 

0.425** 
O.U4 

0.424 
0.04 

3.627 
0.20 

SD • Standard deviation; • • p < 0.051 ** • p < O,Ol 
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Table 13. 

Fl Terminal Body Weights and Organ Weight Natioa 

Target Dose Level•" mg/kg/day 

0 5 20 

Fl male bwt. 394, 3118 386 
::;u 13.B 28.8 22.9 

Fl female bwt •. 238 231 231* 
SD 9.8 9,0 11.1 

Fl male organ wt. 
per 100 g bwt, 

Lt Kidney 0.394 0.381 0.411* 
SD 0.025 0.03 0.02 

Rt Kidney 0,390 0.378 0.402 
SD 0.02 0.03 0.02 

Liver 3.315 3,345 3,439 
SD 0.25 0.25 0.17 

Testes 0.865 0.857 0.861 
SD 0.06 0.11 o.oe 

Fl female organ wt. 
per 100 g bwt. 

Lt Kidney 0,3!11:1 0.406 0,41!1 
SD 0,03 0.04 0.03 

Rt Kidneir· 0.402 0.400 0.415 
l:lD 0.03 o.os 0.03 

Liver 3.568 3.566 3,808** 
SD 0.27 0.33 0.25 

SD • Standard deviation; * • p < 0.051 ** • p < 0,01 
"Fl at 80 mg/kg/day target dose level not dosed beyond weanin~. 
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Table 14. 

FO histomorphological at terminal sacrifice. 
Summary incidence for the live, 
Testing laboratory summary, 

Sex Hale Female 
Dose group 1 2 3 4 l 2 

Number of animals 
studied 30 30 30 30 29 29· 

Liver 
Total examined 30 30 30 30 29 2!:1 
Examined, unremarkable 6 3 9 13 :w 22 
Not examined 0 0 0 0 0 0 
Cholangiof ibrosia 21 20 19 14 ' 3 
Accessor1 lobe 1 1 0 3 2 l 
Tyzzer's disease 4 18* 10 1 0 0 
Nonspecific Kupffer 
cell granullma 0 0 0 0 4 4 

005446 

3 4 

30 29 

30 29 
20 17 

0 0 
5 5 
0 3 
0 0 

G 5 

l_• 0 mg/kg/day 2• 5 mg/kg/day 3• 20 mg/kg/day 4• 80 mg/kg/day 

* Significantly different from control at 0,05 level, using 
Kolmogot·?v-Smi rnov, one-tai J.ed teat, 
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Table 15. 

FO histomorphological Hummary incidence 
for liver, at terminal sacrifice. 
summary from Kesearch Patholo~· Services 

Sex Male Female 
Dose group l 2 3 4 l 2 3 

Number examined 30 30 30 30 :.!9 29 30 
Number normal 1 29 23 24 9 7 12 
Multifocal Dile 
duct proliferation 25 29 23 24 9 7 7 

Focal necrosis 11 2 l 3 l l l 
Multifocal necrosis 13 19 15 11 0 0 0 

Focal cellular alteration 
Basophilic-cell 
focus/foci . 0 4 3 6 B 9 3 

Clear-cell 
focus/foci l 0 0 2 0 0 0 

Eosinophilic-cell 
focus/foci 0 0 0 I) 0 0 1 

Microgranuloma/s 2 5 4 2 6 3 7 
Multifocal mononuclear 
cellular infiltration 6 2 4 3 6 10 6 

Accessory lobe . 1 1 0 3 2 1 0 
Centrilobular hep~to-
celular vacuolation 0 0 0 1 0 0 0 

Focal hepatocellular 
vacuolation 1 0 0 0 0 0 0 

Congestion O· 0 0 1 0 0 0 
congenital anomaly 0 0 0 0 1 0 0 
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e. Summary and Discussion 

1) The study reviewed is a 2-generation, 2 litter per 
generation study of the effects of 2,4-dichlorophenoxy
acetic acid (2,4-D) on reproduetion in Fischer 344 
rats. 

2) The test substance, (97,s• 2,4-D by an I,T,F analysis1 
and 95,B• 2,4-D by a WIL analysis) was administered in 
the feed, ad libitum, to 30 rats per sex per group. 
The concentr:."t1on of the test substance was adjusted 
in the feed weekly or monthly according.to food 
consumption and body weight in an attempt to meet 
target dose levels of o, s, 20 or BO mg/kg/day. 
uuring gestation and lactation the actual dose level 
administered was generally higher, see table l and 2, 
even with SU percent reduction in concentration 
during week 2 and 67 percent reduction in concentration 
during week 3 and 4 ot lactation. 

3) ~o significant effects on fertility of males or 
females at any dose or in any generation was evident. 
Thia conclusion is supported by the failure to find 
dose related effects on the testes weight or on 
histological examination of the testes. No dose 
related histological effects were seen in ovari1.10, 
There was no dose related differences in the number 
of second matings or in the time required for 
cohabitation. The fertility of Fischer 344 rats is 
not high, 6U-79 percent in controls, and the vari
ability of the fertility probably would allow detection 
of only severe reductions in tertility, 

4) The lengths of gestation was prolonged by 1 day in 
approximately one half the FU aama producing Flb 
litters only in the highest dose group. This effect 
could result trom delayed implantation, hormonal 

. imbalances, or parturition problem.;;, 

5) l'he mean body weights ot the t'U yen::ration were 
statistically signiticantly reduced compared to 
controls prior to mating, at the highest dose level, 
bince body weight gain per gram of food consumed was 
apparently nearly always less in the high dose group 
than in the otner treatment groups or the controls, the 
body weight decrease cannot be explained by decreases 
in food consumption, At this dose level., food 
consumption was frequentlY satistica11y siyniticantly 
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increased over control values, At the two lowest dose 
levels,. food consumPtion was generallY apparently in
creased, but it was seldom satistically significant, 
Thus, the weight reduction probably is real, 

6) During lactation, the body weights of FO dams in the 
high dose group were not consistently reduced and in 
the middle dose group in the FO dams lactating for the 
Flb litters, there were no statistically significant 
reductions in body weight compared to controls. Note1 
It was in the mia dose yroup and during lactation for Flb 
litters, that the LEL for pup weight depre~sion occurred. 

7) The body weights ot ~·1 females during yestation and 
lactation for F'a and F2b litters were intrequently 
siyniticantly aitterent trorn control weights(see taole 6), 
After weaning of the F'b litters from week 44-77 were 
adult ~·1 female body weights &i!,lnificantly less than 
control weights tor the tar!,let dose 1e·ve.I. uf '"' mg/kg, 
The body weights of male Fl rats were not air£erent 
from control weights at any time atter weaning. 

Bl Pup body weights were eiyniticantly reduced over 
control weigh·ts in the Fla and F!b pupa only, These 
reduced pup weights occurred at the highest dose 
throughout lactation and in the mid dose only toward 
the end of lactation, and only in the Flb pups. The 
NOEL was the lowest target dose level administer.ad, 

9) Pup viability was reduced at parturition and during 
the first day of lactation in Fla and Flb pups at the 
target dose level of 80 mg/kg (actual 76.l to 133 
mg/kg/day) only. A reduction in litter size probably 
also occurred in the highest dose group in the Fla 
litters, The apparent reduction probably was dominantly 
due to a decrease in n\Jllber of female pups born, causing 
a signicicant difference in the sex ratio at birth, 

Pup viability was more severely ana siyniticantly 
reduced in the Flb litters than in Fla litters at 
birth and between birtn ana lactation day l in addition 
to the period oetween lactation day 1 and lactation 
aay 4. The sex ratio in these Flb pups was normal, 
probably because male, in addition to temale pup 
viability, was less than in the Fla litters. 
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10) Anomalies and variations occurred in Flb litters 
of the high dose which died during l~ctation, This 
was the only group for which those effects could be 
determined because it was the only group apparently 
for which skeletal examinations were conducted. In 
addition, it was the only group in which a large 
number of nonscheduled pup deaths occurred. 

These skeleltal anomalies and reductions in ossitication 
are generally consistent with similar eftects 
produced by 21 4-U in the teratoyenicity study in 
Fischer 344 rats. The NOEL for developmental effects 
in that study is ~5 mg/kg/day. 

lll The absolute and relative liver weights of FO males 
were statistically siyn1ticantlY reduced at all dose 
levels at terminal sacritice. The absolute and 
relative kidney weights ot ~'U temales were st&tistically 
elevated over control weights at all dose levels. 
There was not a "clean" dose-response relationship 
and the report did not consider the eftect on either 
sex to be biologically siynif icant. 

The liver weight reductions seen in the males may 
not be toxicologically or ph&rmacologic&lly signiticant, 
and could be an artifact of the study. 
a) There was no •smooth" dose response relationship 
with the liver weight and the dose of the test chemical. 
bl Fl males and females d~onstrated no liver 
weight reductions. 
cl No significant liver weight reductions occurred 
in a YO-day subchronic or a chronic study conducted 
&t 1, 5, or 45 mg/kg/day in the Fischer 344 rat. 
d) The reductions probably are not due to the slight 
thyroid effects analogus to the thyroid effects seen 
in the subchronic and chronic studies, because only 
higher elevations of T4 than those seen c&use glycogen 
depletion in the liver. 
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e)The reductions are not due to an interaction 
of 2,4-o with the liver histological tindings seen. 
The liver weights in control animals with and without 
focal necrosis, multifocal necrosis, or l:1asophilic 
alterations were each not different from each other, 
Similar comparisions t;siled to detect dittences in 
the highest dose level group, 
fl Food consumPtion apparently increased at all the 
higher dose levels, and in some cases the incr&ase 
was satistically signiticant. Thus, the liver weight 
reduction is not due a reduction in tood consumption. 

The satistically siyniticant kidney weight increase 
in females of the FO generation probably are not 
correlated with the kiuney histopatholo~ seen the 
males and temale ot the subchronic and chronic 
studies. No kidney histopathology was seen in any 
animals in the revroduction study. In ~ddition, the 
kidney weights of 5 temales in control animals were 
an averaye of O.l~ g for the lett or the right kidney, 
whereas the average kidney weights in the remaining 
control animals were o,g g for the lett or the right 
kidney, approximately ' stanuara deviations ditterent, 
Thus, if these 5 animals are removed from r.~ntrols, the 
kidney weights in aosea animals are cnJIParable to 
controls. 

It is concluded that the kidney weight increase is 
due to an anomaly in the kidney weights of ~ control 
females, and that it is not due to the test substance.· 

12) No significant dose-r~lated histopathology occurred 
in any organ at any dose level in any generation, 
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